Current literature lists the lactam and lactim tautomers as the only major contributors to aqueous pterin structures. Density functional theory calculations were used to determine whether there are other significant neutral tautomers of pterin participating in photochemical and biological systems other than the lactam and lactim forms in aqueous media. Calculations showed that the lactam tautomer is the lowest energy structure while the lactim structure is higher in energy than expected (∼6 kcal/mol) compared to the lactam structure. Three other neutral pterin structures were calculated to be less than ∼4 kcal/mol above the most stable lactam and therefore should also be considered as structures which possibly play an important role in chemical and biological pterin systems.
Introduction
Pterins and their derivatives are important members of heterocyclic compounds that are widespread in biological systems. Pterins participate in relevant biological functions behaving as inhibitors (1) , enzymes (2) (3) (4) , coenzymes (5, 6) , sensitizers (7) (8) (9) , and pigments (10) . In the past decade, the photophysical and photochemical properties of pterins have been systematically studied (11) . The photochemical properties of pterins have been found to be dependent on chemical structure, pH, the availability of oxygen, and the immediate availability of appropriate electron donors (11) (12) (13) (14) (15) (16) . More recently, Lorente and Thomas reported their experimental study on pterins in aqueous solution assigning the absorption and emission spectra of pterins and proposed plausible decay mechanism of excited pterins (17, 18) . Under UV-A irradiation, the excited pterins may undergo photooxidation besides fluorescence emission. Pterins, chiefly 6-carboxy pterin, have been shown to photosensitize DNA damage by both type I (electron transfer) and type II (singlet oxygen) mechanisms (19) (20) (21) (22) . Despite their important contribution, the electronic and geometrical features of related low-lying states as well as the explicit mechanism of photochemistry and photophysics of pterins are still unclear. In recent studies only two structures of pterins have been considered to be involved in the chemistry of pterins. These structures are the lactam and lactim structure (23) (Figure 1 ). In the present study, the use of density functional theory calculations was used to determine whether there is another neutral tautomer of pterin other than the lactam or lactim structure that may be also playing a role in the chemical and biological system (Figure 2 ).
Material and Methods
Theoretical calculations were performed using Gaussian 98 on an eight (2.1-2.6 GHz) node Linux Beowulf cluster (CARBON) at Lamar University. The structures were optimized at B3LYP/3-21G * level of theory. Using the optimized coordinates of the pterins at the B3LYP/3-21G * level of theory, single point energies and frequency calculations were performed at the B3LYP/3-21G * , B3LYP/6-31G * , and B3LYP/6- Tautomers of pterins used in present study using B3LYP level of theory with 3-21G * , 6-31G * , and 6-31G * * basis set thermal free energies ( G) of each pterin were compared relative to each other to determine the lowest energy structure.
Results and Discussion
All basis sets (3-21G*, 6-31G*, and 6-31G**) with B3LYP level of theory used showed the ∆G for neutral B pterin (lactam) structure was the lowest energy structure. All other ∆G calculated were compared relative to the ∆G of the neutral B pterin structure. Theoretical calculations of ∆G for neutral pterin structure C showed 0.7 kcal/mol (6-31G * * ), 0.9 kcal/mol (6-31G * ) and ∼1.3 kcal/mol (3-21G * ) in energy above the neutral B form. This structure should be more considered in the chemistry of pterins since it is less than 1 kcal/mol more in energy than neutral pterin B structure. Theoretical calculations of ∆G for neutral pterin structures known as the lactim structures, A(O3) and A(O5), showed ∼6 kcal/mol (6-31G * * ), ∼7 kcal/mol (6-31G * ) and ∼11 kcal/mol (3-21G * ) in energy above the neutral B form. This structure is slightly higher in energy above the neutral pterin B structure than expected and should not be considered as a major tautomer in the chemistry of pterins. Theoretical calculations of ∆G for neutral pterin structures D(N1) and D(N3) showed ∼4 kcal/mol (6-31G * * ), ∼ 4.1 kcal/mol (6-31G * ) to ∼3 kcal/mol(3-21G*) in energy above the neutral B form. The neutral pterin structures D(N1), and D(N3) should be considered in the chemistry also if the lactim structure is being considered in the chemistry since it is less than 4 kcal/mol more in energy than neutral pterin B structure. Theoretical calculations of ∆G for neutral pterin structures E(N1/O3) and E(N1/O5) showed from ∼15 kcal/mol (6-31G * * ), ∼17 kcal/mol (6-31G * ), and ∼ 19 kcal/mol (3-21G * ) in energy above the neutral B form. Theoretical calculations of ∆G for neutral pterin structures E(N3/O3), and E(N3/N5) showed from ∼15 kcal/mol (6-31G * * ), ∼ 16 kcal/mol (6-31G * )to ∼ 18 kcal/mol (3-21G * ) in energy above the neutral B form. All the neutral pterin E structures are too high in energy above the neutral pterin B structure to be considered in the chemistry.
Conclusion
The use of density functional theory calculations at the B3LYP/3-21G*, B3LYP/6-31G*, and B3LYP/6-31G level of theory was used to calculated the ?G to determine whether there is another neutral tautomer of pterin ( Figure 2 ) other than the lactam or lactim structure that may be also playing a role in the photochemical and biological system. The results showed that the neutral E(N1/O3), E(N1/O5), E(N3/O3), and E(N3/O5) pterin structures were too high in energy above the neutral B pterin structure to be considered in the chemistry of pterins. The lactim structure (neutral A(O3) and A(O5) pterin structures) is slightly higher in energy than the neutral B pterin structure as is the D(N1), and D(N3) pterin structures and should not be considered as major contributors in the chemistry of pterins. If the lactim structure (neutral A(O3) and A(O5) pterin structures) is being considered in the chemistry then the D(N1) and D(N3) pterin structures should also be considered. The lactam (neutral B pterin structure) along with the neutral C pterin structures should be important structures considered in the chemistry and biology of pterins.
